[1] In the aftermath of a severe flood event in August 2002 in Germany, 1697 computeraided telephone interviews were undertaken in flood-affected private households. Besides the damage to buildings and contents a variety of factors that might influence flood damage were queried. It is analyzed here how variables describing flood impact, precaution, and preparedness as well as characteristics of the affected buildings and households vary between the lower and upper damage quartiles of all affected households. The analysis is supplemented by principal component analyses. The investigation reveals that flood impact variables, particularly water level, flood duration, and contamination are the most influential factors for building and for content damage. This group of variables is followed by items quantifying the size and the value of the affected building/flat. In comparison to these factors, temporal and permanent resistance influences damage only to a small fraction, although in individual cases, precaution can significantly reduce flood damage. 
Introduction
[2] Risk-oriented methods and risk analyses are gaining more and more attention in the fields of flood design and flood risk prevention since they allow us to evaluate the cost-effectiveness of projects and thus to optimize investments [e.g., Resendiz-Carrillo and Lave, 1990; U.S. Army Corps of Engineers (USACE), 1996; Olsen et al., 1998; AlFutaisi and Stedinger, 1999; Ganoulis, 2003] . Moreover, risk analyses quantify the (residual) risks and thus enable communities and people to prepare for disasters [e.g., Takeuchi, 2001; . For example, risk maps such as the International Commission for the Protection of the Rhine (ICPR) Rhine-Atlas [ICPR, 2001] improve public flood risk awareness. In this context, flood risk encompasses two aspects, the flood hazard (i.e., extreme events and associated probabilities) and the consequences of flooding [Mileti, 1999] . Thus besides meteorological, hydrological and hydraulic investigations such analyses require the estimation of flood impacts, which is normally restricted to detrimental effects, i.e., flood losses.
[3] Flood loss estimation is also an important issue for insurance and reinsurance companies. To guarantee solvency the probable maximum loss (PML) of their portfolios has to be estimated. For risk-based design and insurance purposes reliable flood loss models have to be developed. A thorough analysis of flood damage data is a basis for model development.
[4] Flood losses can be classified into direct and indirect losses. Direct losses are those which occur due to the physical contact of the flood water with humans, property or any other objects. Indirect losses are induced by a flood, but occur, in space or time, outside the actual event. Examples for indirect losses are disruption of traffic, trade and public services. Usually, both types of losses are further classified into tangible and intangible damage, depending on whether or not they can be assessed in monetary values [Smith and Ward, 1998 ].
[5] The largest part of the literature on flood loss estimation concerns direct tangible damage . Although it is acknowledged that direct intangible damage or indirect damage play an important or even dominating role in evaluating flood impacts [Federal Emergency Management Agency, 1998; Penning-Rowsell and Green, 2000] these damage categories are not treated here. The present study is limited to direct monetary flood damage to buildings and contents of private households.
[6] A central idea in flood loss estimation is the concept of damage functions or loss functions. Most functions have in common that the direct monetary damage is related to the type or use of the building and the inundation depth [e.g., Smith, 1981; Krzysztofowicz and Davis, 1983; Wind et al., 1999; National Research Council, 2000; Green, 2003] . This concept is supported by the observation ''that houses of one type had similar depth-damage curves regardless of actual value'' [Grigg and Helweg, 1975] . Depth-damage functions are seen as the essential building blocks upon which flood damage assessments are based and they are internationally accepted as the standard approach to assessing urban flood damage [Smith, 1994] .
[7] Usually, building-specific damage functions are developed by collecting damage data in the aftermath of a flood. Another data source are ''what-if analyses'' by which the damage which is expected in case of a certain flood situation is estimated, e.g., ''Which damage would you expect if the water depth was 2 m above the building floor?'' On the basis of such actual and synthetic data, generalized relationships between damage and inundation depth have been derived for different regions. Green [2003] provides stage-damage curves for different building types and uses in various countries, e.g., United Kingdom, United States, and Japan. Probably the most comprehensive approach has been the ''Blue Manual'' which contains more than 150 stage-damage curves for both residential and commercial property in the United Kingdom [PenningRowsell and Chatterton, 1977] . These damage functions also consider two groups of flood duration (less than 12 hours and more than 12 hours).
[8] While the outcome of most of the loss functions is the absolute monetary loss to a building, some approaches provide relative depth-damage functions, i.e., the damage is given in percentage of the building value [e.g., Dutta et al., 2003] , or as index values, e.g., damage may be expressed as an equivalent to the number of median-sized family houses totally destroyed [Blong, 2003] . If these functions are used to estimate the loss due to a given flood scenario property values have to be predetermined.
[9] Recent studies have shown that stage-damage functions may have a large uncertainty since water depth and building use only explain a part of the data variance . Moreover, assessments of flood damage and flood characteristics (water level, velocity, etc.) at affected properties are in most instances based on subjective perceptions of building surveyors and may therefore be prone to variation . Thus definite benchmarks of flood damage assessment should be developed which will also allow an assessment of possible repair strategies .
[10] Flood damage is influenced by many more factors among which are flow velocity, flood duration, contamination, sediment concentration, lead time and information content of flood warning, and the quality of external response in a flood situation [Smith, 1994; Penning-Rowsell et al., 1994; USACE, 1996; Nicholas et al., 2001; Kelman and Spence, 2004] . Except for conceptual models, these aspects are, however, scarcely included in flood loss models. Following the concept that the damage of a building is dependent upon the load on the structure on the one hand and its resistance on the other hand the influencing factors can be classified as proposed in Figure 1 .
[11] Typical flood loss patterns can be described as follows [Kelman and Spence, 2004] : rising floodwater or groundwater soaks through building walls, floors and furniture. The damage related to hydrostatic flood action with lateral pressure and capillary rise can be greatly enhanced by sediment deposits or (oil) contamination. A (partial) collapse of the building might occur due to a scour of (shallow) foundations or a collapse of supporting walls. This loss profile of mostly hydrodynamic flood action is greatly influenced by flow velocity [Kelman and Spence, 2004] . Finally, a building can be buoyed if the force of rising floodwater or groundwater exceeds the counterweight of the building. Hence buoyancy of a building can be prevented by flooding of the basement on purpose.
[12] Although a few studies give some quantitative hints about the influence of some of the factors shown in Figure 1 on flood loss [McBean et al., 1988; Smith, 1994; Wind et al., 1999; Penning-Rowsell and Green, 2000; ICPR, 2002; Kreibich et al., 2005] there is no comprehensive approach for including these factors in a loss estimation model. Wind et al. [1999] state that ''flood damage modeling is a field which has not received much attention and the theoretical foundations of damage models should be further improved''. More research on the methodology of flood loss estimation and more flood loss data were already demanded by Ramirez et al. [1988] . Kelman and Spence [2004, p. 306] still confirm that ''more work is needed in order to fully understand how flood damage arises and, hence, how flood damage may be prevented.'' Therefore the goal of this paper is to analyze flood damage in private households and several influencing factors on the basis of damage data that were gathered in the aftermath of a severe flood event in Germany in 2002. The analysis shall lead to some conclusions which of the various factors shown in Figure 1 should be included in flood loss modeling. Figure 2 ) and which differ in socioeconomic structure, i.e., in income, purchasing power and building structure, and in flood experience. In the Danube catchment a severe flood event occurred in 1999, while in the Elbe catchment the last severe floods occurred in the 1950s. Thus a broad variation of hydrological and socioeconomical conditions was likely to be included in the survey.
Investigation
[15] On the basis of information from the affected communities and districts, lists of inundated streets in the study areas were comprised and a building specific random sample of households was generated. The interviewees were questioned about the flood damage at their buildings and household contents as well as about factors which might have influenced the extent of damage. In total, 1697 computer-aided telephone interviews were undertaken by the SOKO-Institute, Bielefeld, Germany, in April and May 2003 with the help of the VOXCO software package. Altogether, the questionnaire contained about 180 questions addressing the following topics: flood impact (e.g., water level), additional hazardous impacts (e.g., oil contamination), flood warning, emergency measures, evacuation, cleaning up, characteristics of and damage to household contents and buildings, recovery of the affected household, precautionary measures, flood experience and awareness as well as socioeconomic variables. A detailed description of the survey is given by Kreibich et al. [2005] Thieken et al., submitted reference, 2005) . Since each topic was addressed by a number of questions and often multiple answers were possible, data aggregation was needed (see section 2.3). Beforehand, cross checks and validity checks of the answers were undertaken to improve data quality, especially with regard to data about the affected and total area, affected stories, damage estimates and estimates of the total property value. It turned out that e.g., the reliability of the answers concerning the property value was very low since the stated damage regularly topped the denoted value. Since most of the affected people claimed their losses either from governmental funds or from their insurers the damage estimates are more reliable. This was also confirmed by a comparison with damage data from the Saxonian Bank (Sächsische Aufbaubank) which was responsible for the governmental disaster assistance in Saxony.
Data Processing: Determining Values of Buildings and Contents
[16] The raw data were supplemented by estimates of values of buildings and household contents and of loss ratios, i.e., the relation between the building/content damage and the corresponding value.
[17] The absolute values of buildings were estimated according to the VdS guideline 772 1988-10 [Dietz, 1999] which is commonly used in the insurance sector. It provides mean building values in ''Mark 1914'' per m 2 living area for different building types. The building type and the living area of a building were determined with the help of the answers concerning the total floor space of the building, the number of stories, the basement area and the roof type. The mean building values were upgraded or degraded depending on the quality and equipment of the building, e.g., the heating system [Dietz, 1999] . The resulting insurance sum in ''Mark 1914'' can be transferred to a replacement value of any given year by the price index for buildings published by the German Federal Statistical Agency. For the reference year 2002, the mean building value in the survey data amounted to about 319,000 C = for single-family houses and 607,000 C = for multifamily buildings. The estimated values are in the same order of magnitude than mean insurance sums provided by the Association of German Insurers (GDV).
[18] The value of household contents was estimated by the following regression model: ], and pp_rt is purchasing power relevant to retail trade in the zip code area of the interviewed household [Euros] . The parameters of the regression model were derived by a regression analysis of data about the average household content insurance sum in the zip code areas of the surveyed federal states as well as the average living area per household and the purchasing power relevant to retail trade in these zip code areas (data source is S-mikromarkt/Acxiom, 2003). The regression yielded a coefficient of determination of R 2 = 0.757. The mean value of household contents of the surveyed households amounted to about 58,000 C = , with a minimum value of 27,965 C = and a maximum value of 500,000 C = . The mean value is in the same order of magnitude than the mean insurance sum provided by the GDV.
Data Processing: Derivation of Indicators
[19] To better handle the large data set, answers concerning one particular topic were aggregated into one indicator variable. This was done for flow velocity, contamination, flood warning, emergency measures, precautionary measures, flood experience and socioeconomic variables.
Flow Velocity
[20] While the water depth at or inside the affected building or the duration of the inundation can be reliably given by the interviewees, this is much more difficult for flow velocity since most people do not have enough experience to estimate velocities. Therefore flow was approximated by two descriptive scales. On the first scale water flow had to be assessed from 1 (= calm and low flow) to 6 (= turbulent and rapid flow), on the second the danger of the inundation for an adult person had to be estimated. The latter scale was built upon the work of the Bureau of Reclamation [1988] , in which the danger for an adult person in dependence of water level and flow velocity is given and divided into three classes. The scale used in the interviews corresponded to these classes and was supplemented by a fourth class for the case that the water level was too high for an adult person to stand in. For water levels from 0 m to 1.5 m above surface ground the interviewees' assessment of the danger was used to roughly estimate a range of flow velocity according to the Bureau of Reclamation [1988] .
[21] The interviewees were also asked about transported and deposited material, e.g., sand, stones, boulders. Together with the corresponding water level this information was used to derive a flow velocity on the basis of the Shield's diagram modified by USACE [1996] . Velocities could be appraised to 974 cases and ranged from 0.9 m/s to 6.1 m/s. The data were then classified into moderate (<1.5 m/s), high (1.5 to 4.5 m/s) and very high (>4.5 m/s) velocities [Nicklisch, 2004] .
[22] The velocity classes as well as the water level and the two qualitative velocity assessments were used in a discriminant analysis in order to assign velocity classes to cases where the information on transported material was missing. By means of the resulting discriminant functions velocity classes could be assigned to a total of 1460 cases. Since only 57.4% of the primary cases were correctly classified, the classification was revised on the basis of rules that also considered the flood region and flood type, the damage to the building fabric (assessed on a scale from 1, ''no damage to the building fabric,'' to 6, ''severe damage to the building fabric, danger of building collapse'') and the way the water intruded the building (from the bottom through sinks, lavatories, washbasins, etc. or from outside through windows, doors, holes etc.). In this step, a fourth velocity class was introduced for cases where flood damage was due to (slowly) rising groundwater, backwater or stagnant flow. For example, this class was assigned when the water level was below surface, i.e., water was only in the basement, the interviewee stated that the water intruded from the bottom and the flow velocity was assessed to be very low on both scales. Altogether, the interviews were classified into: mainly groundwater/backwater induced (133 cases), moderate (856 cases), high (635 cases) and very high velocities (43 cases). Owing to missing data no flow velocity class could be appraised to 30 cases.
Contamination
[23] The multiple answers concerning the contamination of the flood water by sewage, chemicals or oil/petrol were aggregated to an ordinal scale. Cases with no contamination obtained zero points; cases that were only contaminated by sewage received one point. Cases with (additional) contamination by chemicals obtained two points, cases with (additional) contamination by oil or petrol got three points.
Flood Warning
[24] Answers concerning the sources of flood warnings (check list with different sources: local authorities, national news, own observation, friends, relatives or neighbors; open and multiple answers possible) and the information content of the warnings (check list with different pieces of information: residential areas at risk, peak water level, time to peak water level, advices for damage reduction or self protection; open and multiple answers possible) were assessed as shown in Table 1 . The indicator value for the warning source is determined by the source that was judged as the most reliable and thus received the most assessment points (Table 1 ). The indicator for the warning information assembles from the assessment points for the single pieces of information.
Emergency Measures
[25] The interviewed people were asked whether or not they had undertaken emergency measures such as putting moveables and furniture upstairs, protecting the building against inflowing water etc.. The check list contained eight different measures and could be supplemented by open answers; multiple answers were possible. The interviewees were then asked to evaluate the efficiency of each measure on a rank scale from 1 (= measure was very effective) to 6 (= measure was very ineffective). In order to aggregate all answers each performed measure received seven points whereof the rank for efficiency was subtracted so that a very effectively performed measure gained six points, while a very badly performed measure only got one point.
[26] For an overall indicator for emergency measures, the individual measures were weighted in relation to their damage reducing effect. The weights in Table 2 were derived by comparing the damage in the data subset where a certain measure was not performed with the subset where the measure was performed very effectively. Measures that did not show a damage reducing effect were neglected (weight = 0). Measures that did not reduce damage significantly gained one point. Measures that led to a significant reduction in either building or content damage were assessed by two points whereas measures that reduced both building and content damage significantly received five points. The significance of damage reduction also depends on the number of cases. Thus measures with a small sample size, e.g., the measure ''redirect water flow'' received a comparatively low weight (Table 2) .
Precautionary Measures
[27] The interviewees were asked about the long-term precautionary measures that they had undertaken before August 2002. The check list contained nine different measures (two informational measures, i.e., gathering information about precautionary measures and joining neighborhood flood networks, flood insurance and six different building precautionary measures, e.g., flood adapted building use, sealing of the building) and could be supplemented by open answers; multiple answers were possible. The damage reducing effect of the individual measures is presented in the work of Kreibich et al. [2005] . For this investigation an aggregated indicator for long-term precaution is used. Since the informational measures and flood insurance did not generate a significant reduction in flood damage, only building precautionary measures were considered. The indicator simply consists of the number of performed measures.
Flood Experience
[28] Flood experience was addressed by three questions: the number of experienced floods, the time period since the last experienced flood and the question whether or not previous flood losses of more than 1000 Euros had occurred. The first two variables were each aggregated into six classes whereby the class number increased for a recurrent (i.e., no flood experience = 0, one previous flood = 1, . . . more than four previous floods = 5) and more recently achieved flood experience (no flood experience = 0, last experienced flood event is at least 25 years ago = 1, . . ., last experienced flood event is at the most two years ago = 5). The indicator was composed by adding the class numbers of the first two variables and multiplying it with a factor of 0.7 if the third variable was false, i.e., if no monetary damage had been experienced. Thus the indicator ranges from 0 to 10.
Socioeconomic Status
[29] Socioeconomic status (SES) was determined and classified according to the work of Plapp [2003] considering school graduation, ownership structure and living area per person as well as after a more traditional approach examining education (including graduation, professional training and university degrees), job position and monthly net income of the household [Schnell et al., 1999] . Each input item was transferred to a rank scale with four to six classes. Both indicators were composed by the sum of ranks of their input items and were finally classified into four or five classes, respectively.
Methods of Data Analysis
[30] To investigate which factors determine flood damage four damage items, i.e., absolute damage to contents and buildings as well as the corresponding loss ratios were investigated. First, each damage item was divided into its quartiles. The differences of the other variables (flood characteristics, flood warning, precaution etc.) were then analyzed in the upper and the lower quartile (0.75 and 0.25 quantiles, respectively) of each damage item. Significance of the differences between the average parameters in both quartiles was judged by the Mann-Whitney-U test, with significance levels of p < 0.01 and p < 0.05. The analysis was supplemented by principal component analyses (PCA) with varimax rotation in order to investigate the correlation structure of the damage influencing variables. Statistical analysis was undertaken by means of the software package SPSS for Windows, version 11.5.1.
Results and Discussion
[31] Of the 1697 surveyed households, 1489 households reported damage to their household contents, 1340 to their building. From these, 1273 households specified a monetary damage to the contents, 1079 a monetary building damage. The mean damage amounted to 16,335 C = and 42,093 C = , respectively (Table 3) .
[32] The four damage variables (absolute content damage, absolute building damage as well as the corresponding loss ratios) are interrelated, i.e., all damage items are always significantly higher in the 0.75 quantile of all other damage variables than in the 0.25 quantiles. Thus households with a content damage in the upper quartile also had a higher damage to the building and vice versa.
[33] The number of affected stories and the share of people who had to leave their residence during the flood were also higher in the 0.75 quantiles of all four damage variables (data not shown). Further analyses were done for a range of parameters shown in Figure 1. 
Flood Impact: Effects of Hydrological Load and Contamination on Flood Losses
[34] The flood impact was distinguished into the impact of the flood water itself (hydrological load) and additional contamination of the water (see Figure 1) . Hydrological load is represented by water depth, flood duration and the flow velocity indicator. All impact variables are significantly higher in the 0.75 quantiles than in the 0.25 quantiles of all four damage variables (Table 4) , i.e., the high losses/loss ratios in the upper quartiles were caused by higher water levels, longer flood durations, faster flow velocities and the existence of contamination.
[35] Figure 3 shows exemplarily how the loss ratio of buildings is related to the four impact variables. The loss ratio is continuously rising with increasing water depth up to the water depth class ''151 to 250 cm''. The median loss ratio in higher water level classes almost remains on a constant level that exceeds the 0.75 quantile of the loss ratios of the total data set (Figure 3a) .
[36] The median loss ratio rises significantly with increasing flood duration up to the duration class ''>7 to 14 d'' (Figure 3b ). Longer flood durations do not cause considerable higher loss ratios.
[37] There is a large difference in loss ratios of buildings affected by groundwater rise or stagnant flow on the one hand and very high flow velocities on the other hand (Figure 3c) . However, the number of valid cases is comparatively low. Buildings affected by moderate or high flow velocities both show intermediate loss ratios, but they cannot be distinguished from each other. Thus the influence of flow velocity on loss ratios is not as clear as the influence of water level and flood duration.
[38] Finally, contamination, particularly by oil, causes an increase in the loss ratio of buildings (Figure 3d ). The median of the class with oil contamination (and additional contamination by sewage and/or chemicals, if applicable) is about five times higher than the median of the class with no contamination. The mean values of both classes differ by a factor of 2.6 (data not shown).
[39] The analysis confirms that flood characteristics enormously influence the extent of flood losses which is in consistence with current flood loss modeling, where water level is the key parameter [Smith, 1994] . While flood duration and flow velocity are considered in a few models [cf. Kelman and Spence, 2004] , the damaging effect of contamination has not expanded into flood loss models except for the conceptual model presented by Nicholas et al. [2001] . This might be due to the difficulty of contamination prognosis. While water levels can be easily provided by hydraulic modeling, the provision of flood durations and flow velocities demands more sophisticated hydraulic models. For the prognosis of contamination even more data, assumptions and modeling efforts are needed.
Resistance: Effects of Temporal and Permanent Resistance
[40] Flood damage can be prevented or limited by longterm precautionary measures as well as by emergency measures which are undertaken just before or during a flood (see section 2.3). For the performance of the latter flood warning is an important premise. Furthermore, flood experience influences private precautionary behavior [Kreibich et al., 2005; Thieken et al., submitted manuscript, 2005] . The influence of these variables on the flood damage items in our survey is shown in Table 5 . Figure 4 illustrates how loss ratios of household contents and buildings are related to selected factors.
[41] Surprisingly, flood warning was better in the 0.75 quantiles of all damage variables, i.e., there were more official warnings with better information and longer lead times for households with the highest losses and loss ratios (Table 5) . On the other hand, the share of people who did not know how to protect themselves and their household against the flood water was also higher in all 0.75 quantiles and so was the time period that had elapsed after the warning before emergency measures were undertaken (Table 5 ). This might explain why flood warning did not reveal damage reduction in this case study. One has to conclude that flood warning alone cannot prevent flood damage, particularly if the flood event is very extreme like the August 2002 flood. For the purpose of damage reduction flood warning has to be followed by effective emergency measures. Table 5 reveals that emergency measures, which are suitable to Table 3 . The composition of the indicators is outlined in section 2.3. Signature is as described in Table 4 .
reduce flood damage (see Table 2 ), show significant influence on the building damage. A less significant influence is found for the loss ratio of household contents. Figures 4a and 4b illustrate that cases with no or little emergency measures show a higher median loss ratio than cases where many and/or very effective measures were undertaken.
[42] One would have expected that losses to household contents could be reduced by emergency measures to a greater extent than losses to buildings. However, one has to consider that damage to fixed contents, e.g., windows, doors, wallpaper, floor covering and electrical equipment, are usually assigned to the building damage so that the most efficient emergency measures (protecting the building against inflowing water and installing a water pump; see Table 2 ) might prevent a huge amount of building damage, as well. If the mean values of all cases without emergency measures and with effective emergency measures (indicator values from 41 to 60) are compared, then the mean loss ratio of buildings with emergency measures amounts to 50% of the loss ratio of cases without emergency measures. With regard to the loss ratio of contents this value is 62%. In the investigation of Penning-Rowsell and Green [2000] damage in the residential sector could be reduced by flood warning and emergency measures to 87%, in the work of Smith [1981] to 52.4% of the potential damage.
[43] To sum up, the impact of flood warning on flood damage depends not only on the reliability of the flood warning process, but also on the proportion of residents available to respond to a warning, the proportion of residents able to respond to a warning and the proportion of residents who respond effectively [Penning-Rowsell and Green, 2000] . Thus the benefits of flood warning with Table 3 . The composition of the indicators is outlined in section 2.3. regard to damage reduction only begin to be realized when the total forecasting, warning and response system is operating effectively, and usually this is not the case [Parker, 1998 ].
[44] Precautionary measures, which are installed permanently and which were usually accomplished (long) before the flood event, show a significant difference in the 0.25 and the 0.75 quantiles of all damage variables, i.e., the extent of flood-adapted building retrofitting is significantly higher in 0.25 quantiles, where also a higher share of people has been thinking that private precautionary measures can effectively reduce flood damage (Table 5) . Figures 4c and 4d illustrate that cases with two or more precautionary measures were damaged to a lesser extent than cases with no or only one precautionary measure. However, the number of cases with extensive precaution is comparatively small. The damage reduction by precautionary measures is discussed in detail in the work of Kreibich et al. [2005] .
[45] The indicator for flood experience differs significantly when comparing the 0.25 and 0.75 quantiles for building damage (absolute and loss ratio): More flood experience exists among people in the 0.25 quantiles (Table 5) . However, there is no distinction between the flood experience in the upper and lower quartiles of content damage (absolute and loss ratio). This is further illustrated by Figures 4e and 4f : While the median loss ratios of contents do not differ much with a change in flood experience, the median loss ratios of buildings as well as the interquartile ranges are considerably lower when the indicator for flood experience exceeds 2.5. An indicator value of less than 2.5 was given if previous floods had been experienced more than 25 years ago and if no flood damage had appeared. The long mitigation effect of flood experience with regard to building damage can be explained by the fact that flood experience motivates people to invest in building retrofitting [see Kreibich et al., 2005; Grothmann and Reusswig, 2005] which leads to a long-term damage mitigation. For a reduction of losses to contents flood experience has to be achieved more recently and frequently [cf. Smith, 1994] .
[46] The pure knowledge about flood hazard does not lead to the same effect. It has no significant influence on the building damage items (Table 5) . However, more people in the 0.75 quantiles of the content damage (absolute and relative), i.e., with high damage to household contents, knew more frequently that they have been living in a flood prone area (Table 5 ). This underlines that knowledge about flood hazard has to be combined with knowledge and implementation of preparative and precautionary measures in order to limit flood losses.
Characteristics of the Affected Buildings and Households
[47] Besides flood impact, temporary and permanent resistance, other characteristics of affected buildings and household contents as well as socioeconomic items of the affected households might also influence the extent of flood damage. This topic is investigated by a number of factors listed in Table 6 . Figures 5 and 6 illustrate in more detail how the loss ratios of household contents and buildings are related to selected variables.
[48] The building type, with regard to building size, not to building material which would be part of permanent resistance, was evaluated as follows: Single-family houses were assessed with one point, semidetached houses with two points, row or terraced house with three and multifamily houses with four. Table 6 reveals that the scores are significantly higher in the upper quartile of absolute building losses, whereas they are significantly lower for the other damage items. Roughly, this means that multifamily houses, of course, received a very high absolute building damage, but their loss ratio, in which damage is related to the building value, is smaller in comparison to single-family Signature is as described in Table 4. houses. Moreover, the absolute content damage and the loss ratio of contents are smaller in households that live in a multifamily house.
[49] These findings are affirmed by the variable ''total number of flats in the building'' that better quantifies the size of the building and widely shows the same influence pattern as the building type (Table 6 ). With regard to contents, another variable that measures the size of the affected residence is the total living area of the affected household. An equivalent for a building is its total floor space. Table 6 reveals that the total living area is significantly higher in the upper quartile of the absolute damage to contents as well as of the loss ratios of contents. Figure 5a shows in more detail that there is a higher loss ratio of contents in households with a living area ranging between 80 and 180 m 2 . Smaller as well as bigger residences show considerably lower loss ratios and a narrower interquartile range (Figure 5a ). Figure 5b demonstrates that the loss ratio of buildings is considerably higher in smaller buildings. The loss ratio decreases if the total floor space of the building exceeds 120 m 2 .
[50] These results could be due to differences in the vertical distribution of the building and content values, i.e., relation between the floor plan and the number of stories. If the basement and the first floor of a given building is inundated then almost the whole building will be affected in case of a (single story) single-family house, whereas only a quarter of the building will be affected in case of a multifamily house with e.g., four stories. Moreover, apartments in multifamily houses are on average smaller than single-family houses and many affected households in multifamily houses might only have some damage in their basement but not in their apartment if they live on the second or a higher floor. That might explain the differences in content damage.
[51] Besides, the quality of household contents and buildings might influence the extent of loss. Two variables in Table 6 address this issue: firstly, interviewees' assessments on a rank scale from 1 meaning ''household contents/ buildings are of very good quality or luxurious'' to 6 meaning ''household contents/buildings are of poor quality'' and secondly the estimated values for contents and buildings.
[52] In the upper quartiles of all damage items the average assessed quality of contents and buildings is significantly better. Surprisingly, this is also true for the loss ratios as can be seen in Figures 5c and 5d , where the six ranks were classified into three classes. Actually, it was assumed that the loss ratios would eliminate the influence of the quality of affected household/building. However, both quality variables considered in Table 6 significantly influence the loss ratios. Thus it has to be concluded that the true values of the buildings and household contents remain unknown and that the estimated values represent only mean estimates. However, it is difficult to query the actual values in a survey. Plausibility controls of the raw data showed that the reliability of the answers is very low since the stated damage regularly tops the denoted values. Table 3 .
[53] Table 6 also contains a number of socioeconomic variables of the affected households. In general, they display a more heterogeneous pattern than the variables discussed so far. The constitution of the affected household is addressed by the age profile of the household and its size, i.e., the number of people who permanently live in the house/apartment.
[54] The age of the interviewed person is significantly higher in the upper quartiles of the loss ratios of both, contents and buildings. This is shown in more detail in Figures 6a and 6b where the age was aggregated into four classes. Figure 6a reveals that interviewed persons between 46 and 65 years were the most affected group as far as the loss ratio of contents is concerned. With regard to the building loss ratio persons younger than 31 years are less affected than the other groups (Figure 6b ). This pattern can be explained by the ownership structure of the household (see below) and the type of residence. 78% of the 46 to 65 year old people own their building which is mostly a single-family, semidetached or row house. As outlined above, these buildings experienced higher loss ratios. In contrast, more than 41% of the 18 to 30 year old people live in rented flats in multifamily houses with comparatively low loss ratios. Elderly people (i.e., older than 65 years) show an intermediate pattern: 29% live in rented flats (mostly in multifamily houses) and 67% own their (mostly single family) house. However, the share of elderly people in a household does not differ significantly in the quartiles of all damage items (Table 6 ).
[55] Figures 6c and 6d illustrate the strong influence of the ownership structure on the loss ratio. Property owners witnessed larger loss ratios of contents than tenants ( Figure 6c) ; this pattern is inverted for the building loss ratio (Figure 6d ). It has to be noted that the building damage of rented apartments/houses could only be determined in few cases where the building owner was also interviewed.
[56] Other variables that show very distinct differences in the upper and lower quartiles of the damage variables are the household size, the socioeconomic status according to the work of Plapp [2003] , which is strongly influenced by the ownership structure, the apartment and household size, as well as the monthly net income (Table 6 ). The latter can be regarded as a further indirect measure for the quality and value of household contents. Furthermore, households with a high income are more likely to own their residence. As pointed out above both aspects lead to higher loss ratios.
Interaction Between Different Variables
[57] To better understand the interaction between the variables that influence flood losses a PCA was performed. By this, the dimension of the data set can be reduced to a few underlying variables. Tables 7 and 8 show the results for the variables that might influence damage to contents and buildings, respectively. Significant principal components were extracted on the basis of the Kaiser criterion and the scree plot. For the content damage variables six components should be extracted according to the Kaiser criterion, but since there is a sharp bend in the scree plot at Table 3. five components, where the eigenvalues clearly level off to the right of the plot, only five components were extracted. They account for 52.8% of the total variance. For variables concerning the building damage both criteria suggest to extract six principal components, which explain 59.3% of the total variance. After varimax rotation the component loadings show an interpretable solution. Variables with an absolute loading of 0.5 and more are the most important for the interpretation of the components.
[58] With regard to content damage the first component is marked by high loadings of items that describe the size and the value of the affected flat/contents (Table 7 ). In the second component variables concerning the size and the age profile of the affected household obtain high loadings. The third variable is particularly marked by high loadings of flood impact items (i.e., water level, flood duration and contamination). The variable assessing the efficiency of precautionary measures (with 1 meaning ''flood damage can be significantly reduced by private precaution'' and 6 meaning ''flood damage cannot be reduced by private precaution at all'') also has a rather high loading leading to the conclusion that people who experienced a severe flood impact do not trust very much in precautionary measures. Precaution or permanent resistance as well as flood experience/hazard awareness are the dominating variables in the fourth component, while high loadings for temporal resistance (preparedness) mark the fifth (Table 7) .
[59] A few variables do not show a clear correlation to one of the factors, these are: the indicator for flow velocity, the quality of household contents assessed on a scale from 1 (very good, luxurious) to 6 (very bad) and the monthly net income. The latter two items show the highest correlation with the first component summarizing the flat size and value and therefore match with the meaning of the component. The flow velocity indicator shows the highest (negative) correlation with the second component what is difficult to interpret. It also shows negative loading with the fifth component indicating that emergency measures were efficiently undertaken in households where flow velocity as well as water level, which also shows a negative loading, were low (Table 7) .
[60] To assess which components strongly influence content damage factor scores of each component were calculated by regression, and the correlations between the factor scores and the damage variables were analyzed. Table  7 shows that absolute content damage correlates best with the flood impact component (3) and the component (1) that describes the value and size of the affected household. A small (negative), but significant correlation is also present for the preparedness component (5). The loss ratio of contents correlates significantly with the same components. However, the correlation is stronger for the flood impact component (3) and lesser for the first and fifth component. The second and the fourth component do not show significant correlations (Table 7) . The same results evolve if the damage variables are included in the PCA (data not shown).
[61] The structure of the first four components in Table 8 assessing the variables' influence on building damage is very similar to the pattern in Table 7 : The first component addresses the size and the value of the affected building, the second the size and the age profile of the affected household, the third flood impact items and the fourth permanent resistance as well as flood experience/hazard awareness (Table 8 ). In the third component the variable assessing the efficiency of precautionary measures has a rather high loading as well, confirming the conclusion that people who experienced a severe flood impact do not trust very much in precautionary measures.
[62] The fifth component is marked by high loadings of the socioeconomic status of the affected household and finally the sixth component shows a high loading for flow velocity indicating the dynamic flood impact as well as for the quality of the building assessed on a scale from 1 (very good, luxurious) to 6 (very bad). This relationship needs more investigation.
[63] The only variable that cannot be assigned to one component is the indicator for emergency measures (temporal resistance), but it is negatively correlated to the flood impact component (3) and dynamic flood impact component (6) ( Table 8 ). This hints that in cases where the flood impact was high extent and efficiency of emergency measures were low.
[64] As for the content damage, factor scores of each component were calculated by regression, and the correlations between the factor scores and the building damage variables were analyzed. Table 8 shows that absolute building damage also correlates best with the flood impact component (3) and the component (1) describing the value and size of the building. Small (negative) but still significant correlation exists for the preparedness component (4) and for the socioeconomic status in component 5. The loss ratio of buildings correlates significantly with the first five components, among which the correlation with the flood impact component (3) is the highest (Table 8) . Again, the same results were derived when the damage variables were included in the PCA (data not shown).
[65] The correlation between the loss ratios with the first component is considerably lower than for the absolute damage values (see Tables 7 and 8 ). Actually it was assumed that the calculation of a loss ratio would completely level out the values of the affected elements. The analysis shows that this is not the case. As discussed in section 3.3 this might be due to shortcomings of the value estimation methods and to the vertical distribution of values, especially in multifamily houses.
[66] The two PCAs show that flood impact variables, particularly water level, flood duration and contamination of the floodwater, are the factors mostly influencing building as well as content damage. This group of variables is followed by variables quantifying the size and the value of the affected building/flat. The important role of oil contamination became already evident during the Pentecost flood 1999 in the Danube catchment, where buildings that were inundated with oil-contaminated floodwater suffered a threefold higher loss [Müller, 2000] . Therefore current flood damage models (or loss functions) that only consider water level as damage influencing factor should be substantially extended. A conceptual model that considers various characteristics of both, the flood impact and the affected building, was proposed by Nicholas et al. [2001] . Further research is needed to adapt such a model to real data.
[67] In comparison to flood and property characteristics, temporal and permanent resistance influence damage to a small fraction. The same holds for socioeconomic variables (like the age profile or the socioeconomic status of a household) and the dynamic flood impact (flow velocity). The minor effect of flow velocity deserves further attention since it likely plays a crucial role in mountainous regions. However, in a survey about the impact of six flood characteristics on flood damage, building surveyors in the United Kingdom also assessed flow velocity to be the least important factor .
Conclusions
[68] In this paper a huge data set on flood losses in private households that was gathered in the aftermath of the August 2002 flood in Germany was analyzed in order to determine which factors influence flood loss and how. The comparison of the variable values in the upper and lower quartiles of four damage items (absolute content damage, loss ratio contents, absolute building damage, loss ratio buildings) as well as principal component analyses (PCA) show that flood impact variables are the factors mostly influencing building as well as content damage. This group of variables is followed by variables quantifying the size and the value of the affected building/flat. The analysis shows that building precautionary measures (retrofitting) are able to significantly reduce flood losses whereas flood warning and emergency measures partly show a contradictory picture or much less influence. In comparison to the flood impact and the characteristics of the affected property, temporal and permanent resistance influence damage to a small extent. The same holds for socioeconomic variables and flow velocity. Since it is known that e.g., flow velocity plays a crucial role in mountainous regions, it should be investigated whether the same factor pattern evolves if the data set is divided in accordance to the dominating flood type shown in Figure 2 . Although there is some evidence that similar factors (flood and property characteristics) mainly influence flood losses in other regions and during other events, more research on flood data analysis is needed to proof the universal validity of the presented results. Different flood events, such as (slowly rising) river floods, flash floods, storm surges, inundation due to levee breaches or fast groundwater rise, probably cause different kinds and extents of flood losses. Therefore future research should also analyze losses caused by different event types. Since flood damage data are scarce, efforts on data collection should be broadened.
[69] Altogether, the results lead to the conclusion that flood loss estimation should focus on the quantification of flood impact variables, but not on the water level alone. The effect of floodwater contamination especially by oil, petrol or hazardous waste, should gain more attention. Furthermore, efforts to correctly model the type and size of the elements at risk should be enhanced. A third topic that could be integrated into flood loss models is temporal and permanent resistance. Since this is difficult to determine in an investigation area the linkage with flood experience should be further investigated. To incorporate all these factors, modern modeling techniques such as rule-based modeling or neuronal networks should be considered in the development of future flood loss models.
[70] A better understanding of what causes flood damage and how to reliably estimate flood losses will help decision makers to better budget disaster assistance and to make riskoriented decisions on flood defense projects. High-quality flood loss data are a premise to achieve this goal. Given the enormous variability of flood damage data guidelines for the assessment of flood damage should be developed and different methods of data compilation, such as telephone interviews or on-site surveys, should be compared. Generally, compilation and analysis of flood loss data as well as loss modeling should receive more attention in the hydrological community. 
